Objective: In young adults, sugar-sweetened beverage (SSB) intake is associated with dental caries, which in turn is a major contributor to tooth loss. The independent role of SSB intake on tooth loss, however, has not been well-described. This cross-sectional study examined associations between tooth loss and SSB intake among U.S. young adults. Methods: The outcome was number of permanent teeth lost because of dental caries or periodontal disease (0, 1-5, 6 teeth). Data from the 2012 Behavioral Risk Factor Surveillance System were used. The 22,526 adults aged 18-39 years completed the Sugar Drink Module. The exposure variable was daily frequency of SSB intake. We used multinomial logistic regression to examine the adjusted associations between tooth loss and daily SSB consumption (0, >0 to <1, 1-2, >2 times/day).
Introduction
Oral health is essential to overall health and well-being. Poor oral health can lead to pain and tooth loss; evidence of links to chronic diseases like diabetes and heart disease is mounting (1) . Poor oral health is costly as well. Estimated total expenses of dental services, based on data from Medical Expenditure Panel Survey, was $83 billion among the U.S. civilian noninstitutionalized population in 2010 (2) .
Loss of permanent teeth is a key surveillance indicator used to monitor overall oral health at the population level (3) . Data from the Behavioral Risk Factor Surveillance System (BRFSS) data suggest the median prevalence of losing any permanent teeth among U.S. adults aged 18 years has declined from 50.2% in 1999 to 43.6% in 2010, but tooth loss still is common, and disparities among certain groups remain (4) . Higher prevalence of tooth loss was found among older adults, black adults, current smokers, and those adults earning lower-income and having lower educational attainment than their counterparts (4, 5) .
Sugar-sweetened beverages (SSBs) are drinks such as regular soda, fruit drinks, sports drinks, and energy drinks that have been flavored with added sugars (6) ; in adults living in the United States, SSBs are the most common sources of added dietary sugars (7) . Young adults have been shown to consume larger amounts of SSBs than middle-aged or older adults (8, 9) . SSBs adds very little if any or no nutritional value to the body (10) . The association between frequent SSB intake and adverse health outcomes such as obesity, type 2 diabetes, cardiovascular disease, and kidney disease has been reported (11) (12) (13) .
Dental caries (tooth decay) and periodontal disease (gum disease) are two main causes of tooth loss among adults (14) (15) (16) . Studies in Nepal, the United Kingdom, and Iran indicated that the most common reasons for tooth loss were dental caries among young adults and periodontal disease among older adults (14) (15) (16) . Sugars are implicated in the etiology of dental caries. A few studies reported a positive association between SSB consumption and dental caries among adults (17) and young children (18) , and a recent systematic review reported positive association between sugars intake and dental caries (19) . It should be noted that the majority of previous studies about sugars intake and dental caries were conducted in children while only a few studies were conducted in adults, mainly among those aged 30 years and older (19) . Researchers found that substantial tooth loss can be associated with lower intake of fruits, vegetables, and other nutrient-rich foods (20, 21) . Information is lacking, however, on sugars intake's independent role in the loss of permanent teeth among young adults in the United States.
A better understanding of the relationship between tooth loss and frequent SSB consumption could help public health practitioners enhance efforts to prevent tooth loss and improve oral health among young adults. In this crosssectional study, we aimed to describe the prevalence of permanent tooth loss due to dental caries or periodontal disease by frequency of SSB consumption among young (18-39 years) adults in the United States. We also examined the association between permanent tooth loss and frequency of SSB consumption after controlling for socio-demographic characteristics and several risk factors.
Methods

Study design and participants
We used 2012 BRFSS data. The BRFSS, established by the Centers for Disease Control and Prevention (CDC) in 1984, is a state-based, random-digit-dialed telephone survey of the noninstitutionalized U.S. population aged 18 years and older. It monitors health risk, use of preventive services, and behaviors associated with morbidity and mortality primarily related to chronic disease. Detailed description of the survey method is available elsewhere (22) , and all data sets and yearly questionnaires are available at www.cdc.gov/brfss. In 2012, 18 states (California, Delaware, Georgia, Hawaii, Iowa, Kansas, Maryland, Minnesota, Mississippi, Montana, Nebraska, Nevada, New Hampshire, New Jersey, New York, Oklahoma, South Dakota, and Tennessee) administered an optional BRFSS Sugar Drink Module. For the current study, we restricted our analyses to young adults aged 18 to 39 years. Although 23,447 young adults completed the Sugar Drink Module, we excluded participants with missing data on tooth loss (n 5 126), past-year dental visit (n 5 139), smoking (n 5 70), and diabetes history (n 5 586), leaving a final analytic sample of 22,526 young adults in 18 states.
Variables
The outcome variable was permanent tooth loss due to dental caries (tooth decay) or periodontal disease (gum disease). One question asked survey participants about the number of permanent teeth they had lost: "How many of your permanent teeth have been removed because of tooth decay or gum disease? Include teeth lost to infection, but do not include teeth lost for other reasons, such as injury or orthodontics. (If wisdom teeth are removed because of tooth decay or gum disease, they should be included in the count for lost teeth.)" From the predefined 4 response categories (0, 1-5, 6 or more but not all, and all), we created 3 categories as 0 (loss of no teeth), 1-5 (loss of 1-5 teeth), and 6 (loss of six or more teeth). The main exposure variable was frequency of SSB intake. There were two questions about SSB consumption: "During the past 30 days, how often did you drink regular soda or pop that contains sugars? Do not include diet soda or diet pop" and "During the past 30 days, how often did you drink sweetened fruit drinks, such as Kool-Aid, cranberry juice cocktail, and lemonade? Include fruit drinks you made at home and added sugars to." Respondents reported either the daily, weekly, or monthly intake frequency. Weekly or monthly intake was converted to daily intake by dividing weekly intake by 7 and monthly intake by 30. Then, we summed the consumption of regular soda and fruit drinks to calculate total daily SSB intake. The frequency of total SSB intake was categorized as 0, >0 to <1, 1 to 2, and >2 times/ day.
Covariates were sex, age (18-25, 26-32, 33-39 years), race/ ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, non-Hispanic others), annual household income ($0 2 <$25,000, $25,0002$49,999, $50,0002$74,999, $75,000, unknown), education (<high school diploma, high school diploma, some college, college graduate), and marital status (never married, single, married/couple). We also adjusted for past-year dental visit (yes or no) (any visit to a dentist or dental clinic, including dental specialists), because having regular dental visits has been associated with reduced risk of tooth loss (23) . Lastly, dental caries and tooth loss have been reported to be more prevalent among people with diabetes and among smokers (24, 25) ; therefore, we included diabetes (yes or no) and smoking status (never smoker, former smoker, current smoker) as covariates and tested their associations with tooth loss.
Statistical analysis
The crude associations between sample characteristics and permanent tooth loss due to dental caries or periodontal disease were examined using Chi-square tests. To examine the adjusted association between permanent tooth loss and frequency of SSB consumption, we calculated adjusted odds ratios (OR) and corresponding 95% confidence intervals (CI) for tooth loss in relation to SSB intake using multinomial logistic regression after controlling for sex, age, race/ ethnicity, annual household income, education, marital status, recent dental visit, diabetes, and smoking status. The reference category of tooth loss was no permanent tooth loss due to dental caries or periodontal disease. For all analyses, P-value less than 0.05 was considered statistically significant, and SAS version 9.3 was used to account for the complex survey design of BRFSS.
Results
Of 22,526 young adults, 74.4% had all their permanent teeth; 22.7% were missing 1 to 5 teeth, and 2.9% were missing 6 or more teeth due to dental caries or periodontal disease (Table 1) . By frequency of SSB intake, the prevalence of having all permanent teeth was as high as 79.9% for non-SSB consumers, compared with 63.1% among young adults consuming SSB >2 times/day. The prevalence of losing 1-5 teeth was 31.4% among young adults consuming SSBs >2 times/day, compared with 17.8% among non-SSB consumers. Overall, the higher prevalence of loss of one or more teeth was observed among women, older participants, those with lower-income, individuals attaining lower levels of education, those who were single, people with no past-year dental visit, those with diabetes, and current or former smokers. While loss of one or more teeth was most prevalent among non-Hispanic blacks, severe tooth loss (6) was most prevalent among non-Hispanic whites. By states, the prevalence of loss of one or more teeth ranged from 17.5% to 35.9%, and three states with highest prevalence were Mississippi (35.8%), Nevada (31.2%), and New York (29.3%) (data not shown).
Loss of one or more permanent teeth due to dental caries or periodontal disease was positively associated with frequency of SSB intake after adjustment for sex, age, race/ethnicity, annual household income, education, marital status, recent dental visit, diabetes, and smoking status (based on the multinomial logistic regression model) ( Table 2 ). Compared with those of non-SSB consumers, the adjusted odds of losing 1 to 5 teeth were higher among young adults consuming SSBs >0 to <1 time/day (OR 51.44, 95% CI 5 1.16-1.79), those consuming SSBs 1-2 times/day (OR 5 1.58, 95% CI 5 1.25-1.99), and those consuming SSBs >2 times/day (OR 5 1.97, 95% CI 5 1.51-2.58) (all P < 0.01). The adjusted odds of losing 6 or more teeth were higher among young adults consuming SSBs 1-2 times/day (OR 5 2.20, 95% CI 5 1.15-4.22) and those consuming SSBs > 2 times/day (OR 5 2.81, 95% CI 5 1.37-5.76) than non-SSB consumers (all P < 0.05) ( Table 2) . Of note, when we further controlled for alcohol intake during the past month, the key findings remained the same.
Discussion
We observed that 1 in 4 young adults in the United States reported having lost at least one permanent tooth due to dental caries or periodontal disease, and almost 2 out of 5 young adults reported drinking SSBs at least once a day. In adjusted analyses, young adults drinking SSBs more often were likely to have greater odds of losing permanent teeth. Even for those who drink SSBs on average less than one time per day, their odds of losing 1 to 5 teeth were still likely to be higher than non-SSB drinkers.
In this study, we were not able to differentiate between tooth loss due to dental caries versus periodontal disease. But, based on previous studies that found dental caries to be the major cause of tooth loss among young adults (14-16), we limited our analyses among young adults. For example, Upadhyaya and Humagain reported that for 21 to 30 years of age, the highest proportion of tooth extraction was due to caries, for those 51 to 60 years of age, it was due to periodontal disease in Nepal (14) . Hull et al. also reported that caries was the main reason for tooth extraction in patients under 50 years of age, whereas periodontal disease was the factor responsible in the over-50 age group (15) . Furthermore, findings from the 2009-2012 National Health and Nutrition Examination Survey (NHANES) suggest that the prevalence of severe periodontitis was higher in older adults: 2.2% among individuals aged 30-34 years versus 11% in adults aged 65 years (26) .
In previous studies, findings regarding the relationships between the amount or frequency of sugars intake (including SSBs) and dental caries have been inconsistent; the majority of these studies have been conducted among children or adolescents (18, 19, 27, 28) . A cross-sectional study reported no association between dental caries and frequency of sugars intake among 236 school children (27) . A systematic review supported a relationship between the amount of sugars consumed and dental caries among children and adults (19) . Arnad ottir et al. indicated an association between sugars intake frequency (rather than amount of sugars intake) and caries among 150 Icelandic teenagers (28) . Although the development of dental caries represents a multifactorial disease, and the relationship between sugars intake and caries may not be straightforward, sugar is known to be a fermentable carbohydrate and can be cariogenic through its fermentation by oral bacteria producing acid, which can dissolve the tooth enamel (29) .
In the NHANES III study (1988-1994), Lula et al. reported that high intake of added sugars is likely to be related to a greater prevalence of periodontal disease in adults aged 18-25 years (30) . The authors suggested that hyperglycemia resulting from increased sugars intake is associated with systematic BRFSS, Behavioral Risk Factor Surveillance System; n, sample size; SE, standard error; P, P value. *Unweighted sample size and weighted percent are presented. † Based on Chi-square test. ‡ SSB includes regular soda and sweetened fruit drinks.
inflammation, which is further related to periodontal disease. Whether or not sugars intake actually plays a role in periodontal disease, the mechanisms for such association have not been well-established (30) .
Researchers have documented higher SSB consumption among young adults than older adults (6-9). More than 40% of U.S. adults aged 18-24 years drank SSBs daily, whereas 19% of adults aged 55 and older did so (9) . However, there is limited evidence on the independent association between SSB consumption and tooth loss among young adults. While our study helps to fill this knowledge gap and suggested that increased SSB intake is likely to be associated with greater odds of tooth loss, further research is needed to examine associations between sugars intake from other foods (e.g., solid foods) and tooth loss because properties of sugars intake from SSBs or solid foods can be very different.
We observed that certain populations face significant disparities in their oral health, a finding that was consistent with that of a previous study (5, 31) . We also observed that women, older adults, those with lower-incomes and educational attainment, adults who were single, individuals with no pastyear dental visit, participants with diabetes, and current or former smokers had increased prevalence of having lost at least some of their permanent teeth. Although the prevalence of permanent tooth loss in U.S. adults is decreasing, it is still a common health problem and can substantially reduce one's quality of life and daily functioning throughout their remaining life.
This study is subject to some limitations. First, BRFSS collects self-reported data, which are subject to report or recall bias. Second, we assumed the amount of SSB consumption during the past 30 days represented the participants' overall Permanent tooth loss and sugar-sweetened beverage intake S. Kim et al.
habitual behavior. Although there is limited information on longitudinal associations of SSB intake between adolescence and adulthood, previous studies showed significant longitudinal associations of SSB intake between infancy and young childhood (32) as well as between young childhood and adolescence (33) . Similarly, even though the past-year dental visit was considered a surrogate variable of dental health behavior, it may not necessarily represent other behaviors related to dental health, such as oral hygiene, intake of fluoridated water, and use of fluoride products. In addition, an individual may have visited a dentist to have a tooth extracted or to be treated for cavities, which may confound the relationships between SSB and tooth loss found in this study. Third, regular soda and fruit drinks were the only SSBs counted in the survey. Thus, other types of SSBs, such as sweetened coffee or tea drinks and sports drinks, were not included in the study. Fourth, findings in this study were based on data collected from only 18 states participating in the BRFSS Sugar Drink Module; therefore, we cannot generalize the results to the entire young adult population in the United States. Fifth, there is a recognized association between long-term use of methamphetamine and severe dental caries, and the majority of users are young adults (34, 35) , but BRFSS did not ask participants about such recreational drug use. Therefore, our study may not rule out the potential confounding effect of methamphetamine use. Sixth, lack of information on other dietary intake (such as starchy food) is a limitation that may not be ignored. Seventh, some of the studies we cited are 20 years old or were conducted in countries with varying cultures, diets, and other factors, so application to today's U.S. population may be of limited value (14) (15) (16) . Nevertheless, the lack of recent studies in applicable settings does underscore the need for such research to be conducted. Lastly, BRFSS is cross-sectional data. the causal relationship between SSB intake and tooth loss cannot be determined in this study.
In conclusion, we observed individuals drinking increased frequency of SSBs were likely to have increased odds of tooth loss among young adults aged 18-39 years in the United States. The association was likely to be preserved even when the average frequency of daily SSB intake was low-less than one time per day. Permanent tooth loss has life-long effects. Young adults should be aware of adverse health consequences of frequent SSB intake including oral disease and tooth loss in addition to obesity and type 2 diabetes. Efforts to reduce SSB consumption can be more efficacious when implemented early in childhood, because dietary behaviors such as frequent SSB intake may begin earlier in one's lifetime (32) .
